Title: Quantum Critical Transport, Duality and M-Theory
Date: May 25, 2007 11:00 AM

URL.: http://pirsa.org/07050075

Abstract:

Pirsa: 07050075 Page 1/30



(luantwen Guitical _Eam/g(oe’vt}
Dua,&‘bj
ard M-

Weeey

Pove . Kovtun. Km\TPl UC Somta Borkana

ity CHuzog (U Washvgin )
S Sachdey (Hawmci)

DSon U.Wasbé\nbtax)
S. Hawtwoll (LITP)

PI woﬂas-bx": _ Meaw LS , Qo007




NOT'JVATIOIV;

< uwdvzsiamd m\‘?’g‘aol‘t 1% S)czowslxj
iV\T,aactins CrT ot "V #70O

& Undustand Mmsw{ ?mdom'm M‘M

WHY (ARE ?

5 CFTM Lt U= ﬂ;..wujo% quanitiom criticalily

\Wlmj Letween "U\AWM.Q omd QUL C’{:‘iui
tuationg

& M"’(Mwu:) = &)fhbmﬁ o t{uamiumcx\mﬁg
oopoRL POARL have 4ield ‘b{u.n\j dekins tron 2‘3 AdS [CET

 F T T




® Woeok in X dupa

® Fouus on WQW conductavity 6 (w)
T

Kacbo ’%fmmia wlates O(w) T tead - time
it - cwvunt. conelatse evodumated in tharmal state

T=0: Cuv(p) = B, ()
Lowntz invesr +
P = = PMP‘U M
W= uy —?3'__" Lnuent conSewakion

In ?\-HGL"M.‘ (1 \u.gmss denuansion = |
— TP ot ST




KAA/C}O €01M \j‘(w): ‘ll:)IM (v, k- 0) \

&

H(MF) i JE:L' W

Tw 2+ dom Hune s wem-2000 ‘4’“&“‘&‘“*‘{‘3%2

T=0: O(w) = Amensionless Constamt

Pirsa: 07050075



T % O L—D'T-?-u*i oo ce S W v 0re

‘_T_ EE L -
P 3 %ij i —‘Ef : Pﬁ” - Puv ) Pp:r <7 o et

+ Cutuenl conservation

LY A
ﬂ wk:0) = T {w,k:= o) otlrwise N awd - ong
Completely unwclated

M (wi) = T (2R
i ik

. /t'\ wen - tivial
gumot‘mmi CIE?-EHC‘ANE‘{%!



KM/LO ﬂo‘aw»u.f..&?

undike

1T=0 . wWhew Glw) = ISt a nuwmber

| HM does S(w) Look ke ?



FREE THEORY

6 (w)
C;Q_c- COnoluc.Jc‘w'-'CD 'm{ml’(e,

Luﬁlw %UJI wmo\MC/c'W“?‘j Cons tont

w/-l—

Pirsa: 07050075



WEAKLY INTERACT'\NG THEORY

6 (W) o
i hﬂ&ro%hah\-&ﬂ

= C.o\liﬁm-c].omimw\eﬂ!

e P

dc. Co'r'ioluc.{:iv'.’cb {azs.( ~ emﬂ,
L\Aa\n- %wl wmo{Mo‘c\v'-'(»-) Cons tank

s "22'10—-\I.WFQM“
e e e IICDM n




STRONGLY INTERACT WG THREORY

i‘*?

b

9 (W)

o

e

n s el discuss d¢l dom CFTS whow
pirsm(%&ﬂsf’ﬁx Com &M&_A Gnaky.j-hu_,lj_ﬂ ok Sl\t’\?ﬂD C«OUP{QG‘E%S



Note thet d.c. ‘ean‘l w »0 A.D{S not comwinte with T—=0O

l
e diffessit 3.0 . conduck iy ak

finde T © 6(Z o)

0~ (W)

dc. wuo\uc{'w'n*\j ok
w~T W T zeo T o 0(F _}W)

From SSachdev’s QPT book ?,138 :

The distinet pwysical interpretations £ 6(727) amd 0(F=0) make it
clear ttat; in gonernd, tune is no sason forthom B bave cgual vidues (e
canwot of urse wle oud e eastonce o eotic madls 01 sjmunatnies that
wsgoissge thise o 15 4o opead



No-t(- -t-l"c“t JC' &Wl‘l'l. w -0 A‘D{S 'ﬁg't (QWMLA*C 'LAJIJ("\ T'_}O

wéj diffesent 3.0 . conduck iy ak
S e PwsicCS

0~ t)

finde T . 6(Z o)

d.c. C.Dho(uc{'wﬂ‘b) ok
o~ Gy =iz LG Sy

From SSachdev’s QPT book, .188:

The distinet pysical ‘rmfm‘oqu{-'zmgrﬁ @(T?f?ﬂj amd 6(F—>0) make it
clear that in general, hune is wo 2eason forrthom B bave gual vidues (we
canwot of urse wly oud tu eastonce of ecotic moddy o1 spmnatnies that

\_———V__J
m:ﬁ«ymww Tw o 4 @M » M -the owy N———



A wwodd wluwe "(nwsrad com & studied Mﬁ%fif%

ok Si"bevji Caw[{ina ;

\ N3 %Ft?wvr{'nrmm field -{'lawtj h Ikt JANJ

TR §ixed point of waximally supersymmvne taic V(N)
\(amj- Mills ‘UmbOrb n Atldim. §e:.Lu>,L4‘-~\\-./q;ggu7.
U\)\uj s’cuo?/j thess ‘mﬁ,iu,«bn CET?
® Toy wodel to Compute O(w) al Shrong Covpling Using AJS/CeT
¢ Thas Yaeory descinbes N comcident M2%rawes n M- Bheory
Ttz hakes, Maldacewna, Sounenselesin

Pisa: 07050075 Yaukjelowiﬁf' Lgp-ﬂ/ﬂDW?io



CDWM@.V\J{:S -

T

® T(u zesults will furrbxj—to a (a)zo: clars “£ CFTs )
wel Just o the W= 8§ SCFT

® ACJS/C'FT CD?'Z:SFaquth wWill be LM.;_J as a J\-Dal.

Pl"".lﬁ5ﬂ\?hﬂj: C‘L??{ACJ S{"r‘tna /M‘M,o-ug , aﬂa\.o‘hDMS
To &"Pb‘alﬂa AAS/{FT 1o Lu_auj-]ev« !‘)L"“J‘&ifg

Pirsa: 07050075




Se{up

N=8§SCFlin tld lavqe N7 «— superacanity on AdS, xS
thermal state in CFT €2 Qlack hole wn AdSy
SO(8) globoal ‘,‘)wmduj 7 isometry o 5
conserved carrepts Ju > Apuqe iehds A:: w AdS,

S08) = 4RI}y =, 5
/Q, Suflices o \ook ot ri'oc;\ion
apage Lrelds wn AdSy




Recap

© We need Muduc-&iyiij S (w)
e GTW) s evalinaed ﬂm C,_N(w) (k’u.&o -&fnﬁu\n)
® C;.w (w) 15 WD.\MQ-E,_J -@rom A-:!S/CT-—I_ ER-J the S‘EMdﬂRa’

ng Maxgd .
SA. SA,

P'Lt.st U Ptt Dn.

pr) (U,k) it

7 HK

At E=0 cam ol Max weld 2-5 "“‘"’“"‘l")%““u‘j :
HT(WIK:{_‘J) = ﬂ"-—(u,k,-, D)':_ ‘_lé)_bg%_

6(‘->) 1S an t..A)-lw\J_(_-

E‘\’“&%t oust ant
or ald W/T 7

Page 16/30
This is vew) unusual




le)sﬁcd RN whay 6(W) = Lowat 7

® CFT curzemks Ove in 2t\ din,

4 oqt-wul ACLSq 8%2 Gelds f‘wa w | dian
& olelian 2 Liedds in2tl ddwn Liawe 2lectric- maanelic
Py & = jmw%

EM olua.LtJ ‘Xl 34| owma ‘eu(k 'W«Tl‘tcs.

H"“ﬁ. PK, Qa.«.LJ.eg
Sow, Wp-1/0201 036

[wk) At (uk) =

ow e Jdl A’Am -@omdu't? Tc.u -0 : O(w)= ”/-3 for ald w .
C M GE‘-‘-&_-!A-% 9{‘H~‘-LM 3{[LM—£M'L‘J ”“FLi{S w_{'ﬂw ft t COon -
Pirsa: 07&9[51 C/{’J‘l U]tﬁj i, Aatl d"w e S d-i —‘r"?ﬁ_o i Page 17/30



Comments on T(w,k) ﬂt'(w}\«): Caus‘t(wl—tl) {5 T#0

" )

[

e e g e B

3 \Juj Wow - ‘O’i\ﬁa\ ¥e la-tiOh &tT#D'. a Pv‘tnf\/ WO T2a50on o ?VPJFC'['
owy comnection Getweey T and TIF

® Besides AAS/CFT , W otherexawples au known whene T N~ p?

® Assumlm% ASS[CFT: Yt s o Larkt Lars of exotic 2¢1dina
CFTs where MNP Tlogne one fiekod theories wihose
AGQS a!.ua.f, S — ik S"lul S:‘a F;—"’F Aeta'\g n,(, wmelric

~contains 2 Wet i portant.




® Cow[)a'ae wtlh ywowentium "C?.an'riii Heene is a
€arqe class of Liedd thioviex wiH, ”3‘3005""7‘3 A'SL T 4y

(

PX. Son, Starmets , kep-t. /0405231

® The wlation T (we)THwk): const (W= ¥) sl odd be
Viewed as ounothey {'xw‘xlz ! uw&ut_zsaj_,i‘bj n AJS/CFT—

® utside of AdSCFT: n abeliantheoies wean Ho criticed
point , particle - vortex duality D (Tlwpe) Nfw k) = comst (17 £2)

/L“‘“MM‘H«M%'

Pirsa: 07050075



CHARGE TRANSPDAT N EXTERNAL MAGNETIC FLELD

&

COhalLAC‘f:'wi'buJ '{;efom.es
6- ('HJ) = '-_* KMCtJ(Wk 0) d'tZMSD?_lwiJch 0-5:71:0:

s S Heall E.-‘rkt et

( Wnat e wm?u'kaal e liey was 6= cs;,ﬁ-ﬁ':ﬁ)

1n a welativistic '\'Lto1,‘-j | G;‘*P’ S Ciked Lyj boost invaziance







CHARGE TRANSPDAT N EXTERNAL MAGNETIC FLELD

&

COhalLAc-f:'wi't\,) '{)Q('c) eSS
6 (W) = - - ‘W\C:](&Jk 0) d'tZMSDllwiJch 0',7;&0:
H“."g S )!Jf&.\\ E_-rr\{ ct

( What we C.aw?u'\‘ﬂd 2anliey wos 0= Oyg = Oy )

In a wlatvietic '\'Lto1,‘-j | 01?, s Cixed L»;, boost invatiawnce







DOES AJS/CET ¥NOW A%O\JTT*\E HALL EFFECT?

© Need [Jar-_katoulqcf cha.rz,( cﬂtma-m.) e.feo{vcallxj c..fnnax.of
w CET ( = Clawaical ro—{:en-ttal) % bl . ‘w A—A.Sq

© Need boc.\:jtnum( wagmetic ield _,  Wagmekically laroged
‘lh CT—T b!ﬂ TSy AAS‘}

Need to sobve Maxwob{ efrxaiions in 34l lim. f Ak ; with Both
electoric avd mainp‘éic chazges






DOES AJS/CET ¥NOW A%gu—r—rwe fALlL EFFECT S

£z h)i'—j [Jc:r_(cs'r.ouyuf (.L\a.r?x cﬂu\‘iﬂ‘\a.) €-E£D£'L'acau\j c-'nn&x.ot
w1 ( = Clawaical rtrl:en-'ual) % bl . ‘w A-A.Sq

© Need Bcnc\:jrnuml WaDM'l:'xC Rie(d - Wﬁﬁm{:icnuj MHJ
s CEF bl in 44S4

Need to solve Moxwel] e,?amoﬂs in 3t] Lime. Budlc ’ with Both
electoric avd MQMC cJuz}bs_



Linan pedtunfotions of 4 Gy lai=) -
+ Kudo formucta,” 7 6, (w=o)-
Pk .‘,S.Haﬂmff f a1Xiv: 0304.1160

Note that *the J.c‘.. ém't W20 Apes not cowmmute ke 6_’0.

(ai 6'—' D’ L2 ‘FDLAHC’L O-xx(uﬂ-sa)'; _ﬁw G"x‘j{mrlq)zt:'i)

irsa: 07050075 Page 27/30



T]A.OULjMS obout Pl /Mﬂu_

(23]
L2 C"!-o‘:'.-r‘s-ourz Eetween %?4{'.% md = 2 e

€ Action of He EM duclily in 3 L bl s fla
c:.am?lu._ r.malud:.'-f'rk:) 0}‘71'1'5'3.3.{

© S lictric and maguetic claiges ane 7uaw(:"ryo€_ Ruantum Halk?
& FCUI Cawf)actiﬁf'c:ﬁxiw.s ‘{ S&afnj'\tatruj /714:6&-\-0( a !ﬂ‘*"&ﬁﬁj“

"(’4‘!5.4 Vicua ~> a ‘@halsr&}u_ vf Mvmﬁﬂf‘fb o(ﬁ.-;us
Pirsa: 0705007 }: lﬂj C’HLJ 15_ v Mle 7 Page 28/30




Conelesion

i‘*?

AJS/C'FT was d?jud&j use'(d Ih ﬂff&(wm tD

Sﬁoaj&j }n&ma‘hzj QLD matten. Cam it de wiefud
th af/-&caif&u_. b Condensed matizrn’?




Mo Sigreal
WD




